SUMMARY Jejunal biopsy specimens from nine Spanish children with gluten-sensitive enteropathy were studied with morphometric and immunohistochemical techniques in three stages of the disease: the first biopsy was taken for diagnosis, when the child had a gluten-containing diet, the second after gluten withdrawal, and the third biopsy after gluten-provocation. The findings were compared with those in 10 healthy adults. The villous:crypt ratio and the length of the surface epithelium per stretched millimetre muscularis mucosae were decreased, whereas the number of interepithelial lymphocytes per millimetre surface epithelium was increased when the child had a gluten-containing diet. Although these parameters improved after withdrawal of gluten for at least seven months, they never reached the values of the healthy control group.
For the diagnosis of gluten-sensitive enteropathy (GSE) certain essential morphological features must be recognised in small intestinal biopsies. The first requirement is the demonstration of an abnormal mucosa, usually flat, while the patient is on a gluten-containing diet; second is the demonstration of a clear improvement of villous structure on a gluten-free diet; and third is the return of an abnormal mucosa when the child is challenged by a gluten-containing diet. In some children with GSE it may take up to at least two years, and occasionally longer, before the mucosa again shows villous atrophy after a return to a gluten-containing diet.' Accepted for publication 27 August 1980 The number of interepithelial lymphocytes is increased during the active phase of the disease and decreases when patients are put on a gluten-free diet, though the numbers do not return to normal. [2] [3] [4] In GSE, with the exception of the earlier reports,5-6 IgM-containing cells in the lamina propria have been found to increase.7-'0 In children, IgG-containing cells are also increased."1-'3 The total number of immunoglobulin-containing cells falls on withdrawal of gluten. The potential for response on a gluten-free diet appears to be better in children. In the present study the morphological and immunohistochemical findings in sequential jejunal biopsy specimens from nine Spanish children with GSE are compared with those of a healthy control group. 138
Patients
We studied proximal jejunal biopsy specimens from nine Spanish children with the typical clinical and histological characteristics of GSE. The small intestine biopsy specimens were taken (a) when the child was on a gluten-containing diet for diagnosis, (b) after withdrawal of gluten, for at least seven months, and (c) after gluten-provocation, at least one month after reintroduction of gluten to the diet.
The clinical data of these children are shown in Table 1 .
All patients improved on the gluten-free diet and were free of complaints at the time of the second biopsy. Only two patients (cases 3 and 9) had symptoms after reintroduction of gluten to the diet. One child (case 5) had no signs or symptoms of malabsorption. All the other children had increased fat excretion in the stools. The child who had no malabsorption after six months' gluten-provocation did not develop villous atrophy in this period. His mother and two of his brothers have GSE.
The control group consisted of 10 adults as we considered it unethical to perform intestinal biopsies in healthy children. These subjects had a jejunal biopsy done as a healthy volunteer or as a healthy family member of a GSE patient in connection with a family study.14 Methods Peroral biopsies of the proximal jejunal mucosa were performed under radiological control using a hydraulic multiple biopsy capsule. The 16 The slides stained for IgA, IgG, IgM, and IgE were used for counting the immunoglobulincontaining cells per stretched millimetre muscularis mucosae in three consecutive sections. This is comparable to a 'mucosal tissue unit' of 1 mm width and a thickness of 4 um. 17 Statistical analysis was performed using Student's t test, and in subsequent observations in one patient Student's t test for paired observations was used. We considered a difference statistically significant when P < 0-01.
Results
The first jejunal biopsy (a) showed in all cases total villous atrophy. The villous:crypt ratio was markedly reduced with a corresponding decrease of the length of the surface epithelium per millimetre muscularis mucosae as compared with the healthy controls ( Table 2 ). In the second biopsy (b) these two parameters showed a highly significant increase after withdrawal of gluten (b v a: P < 0-001). Both improved markedly but the difference compared with the healthy controls was still significant (b v controls: P < 0*001). Biopsies after glutenprovocation (c) showed for paired observations a significant decrease of villous :crypt ratio and surface epithelium (b v c: P < 0-001). One patient (case 5) did not develop a villous atrophy after six months' intake of gluten (Figs 2 and 3) .
The number of interepithelial lymphocytes per millimetre surface epithelium changed significantly after withdrawal of gluten and gluten-provocation (P < 0-001). Although significant improvement was found after withdrawal of gluten the number of interepithelial lymphocytes remained significantly higher than that found in healthy controls (P < 0-001) (Fig. 4) .
It is of interest that the lamina propria area per millimetre muscularis mucosae was almost a fixed quantity, and unless the child was growing it did not (n = 10) (n = 9) (n 9) (n = 9) change. There was also no difference compared with the adult control groups. We compared the numbers of IgA-, IgG-, and IgM-containing cells in the jejunal biopsy specimens of each patient in the sequential biopsies (Figs 5-7) . For all three immunoglobulin classes significant changes were found after withdrawal of gluten (P < 0-01). After gluten-provocation significant increases were found in IgG-and IgM-containing cells but no significant change was found in the IgAcontaining cells (P < 0*05).
A comparison between patients and controls of the numbers of immunoglobulin-containing cells per millimetre muscularis mucosae showed significant differences in the first biopsy (a) for all immunoglobulin-containing cell classes, except IgE. After withdrawal of gluten no significant differences were found. Although IgA-, IgG-, and IgM-containing cells were increased after gluten-provocation, only the number of IgM-containing cells differed significantly (P < 0-001) from the controls.
The patient who did not develop villous atrophy after gluten-provocation also showed no changes in the number of immunoglobulin-containing cells in the different stages of GSE were small and showed no consistent increase or decrease. The follow-up jejunal biopsy findings for IgMcontaining cells in case 7 are shown in Figure 8 .
Discussion
Our study shows that in children with GSE who have been on a gluten-free diet for at least seven months, the jejunal mucosa does not show a complete morphological restitution compared with the healthy control group. The morphometric parametersvillous:crypt ratio, length of surface epithelium per stretched millimetre muscularis mucosae, and number of interepithelial lymphocytes per millimetre surface epithelium after withdrawal of gluten-differ significantly from 
